guropsiisches Fatentamt 
European Patent Office 
Office e uropeen das brevets 



® Publication number: 



0 340 675 

A2 



© EUROPEAN PATEMT APPLICATION 



Application number: 891G77o2,S 


@ int.Ci. 4 ;C12Q 1/68 » C07H 21/00 


(g) Date of filing: 28,04.89 




© Priority: 02.05,88 US 188825 


© Applicant THE PEBKIN-ELMER CORPORATION 


7S1 Main Avenue 


© Oats of publication of application: 


Norwaik Connecticut 068S3-0181{US} 


08,11.89 Bulletin S9.<45 






© inventor; Pieozza, Enrico G. 


@ Designated Contracting States: 


74 Oicott Way 


OH DE FR OS IT U 


ftidgeftetd, CT 06877<US) 




Inventor; Saavedra, Steven S, 




150 Lone Oak Drive 




New Mliford Connecticut 08?7B{US) 




© Representative: Patentanwaite Qrtineoker, 




Kinkeldey, Stockmair & Partner 




Maximlitenstrasse S8 




D-8000 Mtmchen 22<DE) 



<g) Time-resolved fiuorimetric detection of lanthanide iabefed nucleotides. 



© Nucleotides conjugated with a chelating agent and labeled with a lanthanide, especially terbium, are readily 
detected by time-resolved ffuarimetry during and following ge! electrophoresis. The iabeied nucleotide con- 
jugates are very stable, highly fluorescent with a long radiative lifetime and remain fluorescent during dilution 
and during gel eiectrophoresis and since an enhancement solution is not required for detection, the labeled 
nucleotide conjugates can be detectd on-line, if desired. 
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TIME-RESOLVED FLUORtMETRJC DETECTION OF LANTHANIPE LABELED NUCLEOTIDES 



FIELD OF THE SWENTiON 



This invention relates to a method for time-resolved fiuorimetric detection of fluorescent labeled 
5 nucleotides in a gel electrophoresis system in which there is used as fluorescent labeled nucleotides, 
nucleotides conjugated with a creating agent and labeled with a ianthanide. 



BACKGROUND OF THE INVENTION 

m 

The ability to detect nucleic acids or nucleotides st trace levels is required end extremely important in 
many areas of biotechnology. In the past, tracking and detection of nucleotides was usually performed 
using radioisotopes- However, these methods employing radioisotopes are generally very laborious, time- 
rs consuming, expensive, and require the use of unstable and hazardous radioisotopes leading to problems 
and handling and disposal of the radioisotope fabeied reagents. Therefore, interest has arisen in discovering 
alternative and safer methods of detection. 

One such alternative has been the suggestion that enzyme catalyzed color development be employed. 
However, this proposed methodology has not found genera! acceptance because of a much lowered 
2D sensitivity than methods employing radiolabeled nucleotides, in addition, the enzyme catalyzed method- 
ology was found not to have any genera! improved ease of performance over the radiolabeled nucleotide 
methods. 

Therefore, as another alternative, various methods of detecting nucleic acids or nucleotides based upon 
fluorescent emissions have been proposed or employed. Perhaps the most widely employed method 

as involves staining with a dye such as etbidium bromide. However, due to background emission from 
unbound dye, the detection limits cannot approach those in autoradiography, ft has been proposed that 
elimination of the background problem due to free dye can be achieved by covalent modification of nucleic 
acid with a fluorescent tag followed by separation of unreacted label. With appropriate choice of fluorophore 
and optimization of the optical train, sensitivities approaching or matching those of radioisotopic detection 

30 and considered to be possible. Several research groups have employed this approach to detect ONA 
fragments in pofyacrylamide geis. A drawback of this approach is that the gel is a source of significant 
scattering and background fluorescence. 

An alternative detection scheme which is theoretically more sensitive than autoradiography is time- 
resolved fluorimetry. According to this method, a chelated Ianthanide metal with a long radiative lifetime is 

35 attached to the molecule of interest. Pulsed excitation combined with a gated detection system allows for 
effective discrimination against short-lived background emission. Syvanen et a!., Nucleic Acids Research, 
14, 1017*1028 {1986} have demonstrated the utility of this approach for quantifying DNA hybrids via an 
europium-labeled antibody, in addition, biotinyiated DNA was measured in microliter wells using Ey-iabeted 
strepavidin as reported by P. Dahien. Anai. Biochem., 184, 78-83 {1983}. However, a disadvantage of these 

40 types of assays is that the label must be washed from the probe and its fluorescence developed in an 
enhancement solution, in addition, it has been difficult to provide sufficiently stable labeled molecules to 
provide for acceptable detection 'hereof. Moreover, in gei electrophoresis systems the labeled molecules 
have generally not provided sufficient stability on dilution or when subjected to the elevated temperatures of 
the gel electrophoresis to enable acceptable detection of the labeled molecules. A further drawback has 

45 been the fact that the fluorescence produced has only been in the nanosecond (ns) range, a generally 
unaecepiabiy short period for adequate detection of the labeled molecules and for discrimination from 
background fluorescence. 

Thus, a need has cfeariy arisen for fluorescent labeled nucleotides that can be employed in gel 
electrophoresis systems to provide long lived fluorescence to avoid background fluorescence by use of an 
50 intermittent excitation source and a time coupled measurement of fluorescence. A still further need is to 
provide far such fluorescent labeled nucleotides for use in detecting nucleotides by time-resolved 
fiuorirnefric determination of such labeled nucleotides separated in a get electrophoresis system in which 
the labeled nucleotide remains stable and detection limits are significantly improved in comparison to 
covalent labels with fluorescent lifetimes in the nanosecond range or in comparison to such system 
employing stains such as ethidium bromide. A further need is to provide such a detection method in which 



2 



EP 0 340 675 A2 



the fluorescent labeled nucleotide remains stable and fluoresced upon dilution in She gel system and in an 
electric field at an elevated temperature of about 80* C A still further need is to provide such a method for 
such time-resolved fiuooroetric deteetton of labeled nucleotides in gel electrophoresis systems in which no 
enhancement solution is required for detection and thereby permitting on-line detection of the fluorescent 
s labeled nucleotides. 



SUMMARY OF THE iNVENTlON 



A method lor time-resolved fluofimefric detection of fluorescent labeled nucleotides monomers, 
oligomers or polymers separated in a gel electrophoresis system is provided by employing as the 
fluorescent labeled nucleotides ianthanide chelate labeled covalent nucleotide conjugates. The invention 
further provides such a method for on-line time-resolved fiuorimetric detection of such fluorescent iabeled 
is nucleotides separated in gel electrophoresis systems. 



DETAILED DESCRIPTION OF THE INVENTION 



In accordance with this invention, time-resolved fluorimetrie defection of fluorescent labeled nucleotides 
separated in a gei electrophoresis system Is provided by employing a ianthanide chelate labeled covalent 
nucleotide conjugate in which the nucleotide may be a monomer, oligomer of polymer of either QHA or 
BNA, although for purposes of illustrating the invention the following examples and discussion relate to DMA 
s$ nucleotides, 

The Ianthanide chelate labeled covalent nucleotide conjugates useful in the invention may be the 
chelate of any suitable ianthanide producing the stable Ianthanide chelate of a covalent nucleotide conjugate 
having the properties previously described. While any suitable Ianthanide chelate may be employed, it is 
preferred that She Ianthanide be terbium, samarium, europium, dysprosium or neodymium, with terbium 

30 being the especially preferred ianthanide moiety. 

The ianthanide is chelated to a nucleotide which has been covaientjy reacted with a strong Ianthanide 
chelating agent, The chelating agent with is reacted with the nucleotide is any suitable chelating agent that 
is capable of covalerttSy binding to a reactive group on a nucleotide and which also chelates to a fluorescent 
Ianthanide in a stable manner so that a long-lived lanth3nide chelate of She covalenfly bound nucleotide- 

30 chelating aoent conjugate is provided. By long-lived fluorescence is meant a high quantum yield fluores- 
cence that is not appreciably decayed when background interference has already decayed, it is also 
desirable that the chelating agent dees not adversely affect the ability of the nucleotide to undergo 
hybridisation. 

As examples of chelating agents suiiabie for reaction with nucleotides to form the nucleotide conjugates 
40 suitable lor chelating tanthanidee, there may be mentioned, for example, amine polyacids, cryptands, 
polyacid substituted pyridine derivatives and the like. As examples of each chelating agents, there may be 
mentioned, for example, amine polyacids such as diethylenetriarrinepentsacetle acid dianhydride (DTPAA), 
benzenedlezonium ethyienediamineteiraacetic acid (6DTA), cryptands such as isothiocyanafobenzy! 26:2:1 
cryptand. and polyscid substituted pyridine derivatives such as 2,S-bis[N,M-Os{carboxymethyl)3minomelhyi]- 
4a 4-{3-isothiocyanatopheny!)-pyridine tetraacid. Especially preferred as the chelating agent is DTPAA. 

The chelating agent is preferably covaterttly bound to the nucleotide along with an energy transfer 
agent, preferably an amincaromatic compound such as, for example, p-eminosaiicyiic acid (pAS>, 
aminophenazone. aminomethylsalicylic acid, aniline, ammophthaiic acid, S^dlhydroxybenzyfamine, 5- 
aminoisophihalic acid, S-aminophenantbroSne, 3-aminobenzoic acid and the like. Preferably pAS is em- 
so ployed as the energy transfer moiety. 

Preferably, the nucleotide conjugate to which the Ianthanide is chelated is a conjugate of the formula: 
Nuc-N'-Y-Z 

wherein Nuc is a nucleotide monomer, oligomer or polymer. N" is an amme nitrogen either intrinsic to the 
nucleotide or extrinsic and introduced m a label prior tc conjugation, Y is a chelating group caoabie of 
m chelating a Ianthanide and Z is an energy transfer moiety. More preferably Y is a diethytenetriaminepen- 
taacefic acid group and Z is a p-aminosaitayiate moiety and thus the conjugate has the formula: 
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Especially preferred ianihanide chelate labeled nucleotide conjugates used in the methods of this 
invention are terbium cheiates of nucieotlde-DTPAA-pAS conjugates. 

The lanthanide labeled nucleotide conjugates employed in this invention are highly fluorescent labeled 
conjugates with lifetime in the microsecond (ms) range. Thus, when a pulsed source and gated electronics 
are employed, the long-lived fluorescence decay permits effective discrimination against background 
fluorescence, stray Sight and scattered excitation. Furthermore, such lanthanide labeled nucleotide con- 
jugates are very stable and maintain their integrity in electrophoretic gel systems and maintain their 
fluorescent properties upon dilution and in an electric field at elevated temperatures of about 60* C, 
conditions typically encountered during polyacryiamide gel electrophoresis. Moreover, such lanthanide 
labeled covatent nucleotide conjugates do not require enhancement solutions for detection and therefore Ihe 
detection methodology may be used in situations where on-line detection is desirable or required. Since the 
methodology of this invention permits on-line detection of the fluorescent labeled nucleotides conjugates, 
the method can be employed in gel electrophoresis system for the purpose of DNA or SWA sequence 
determination according to the procedures of Maxam-Giibert or Sanger, or for restriction mapping or other 
procedures where detection of nucfeic acids is required, in addition to all of the above-mentioned 
advantages, tie ianthanide chelates of the covatent nucieotide conjugates permit the elimination of the use 
of radioisotopes in the gel electrophoresis system yet provides a nucleotide detection methodology that 
rivals the sensitivity obtained when using radioisotope labeled nucleotides. 

The invention is demonstrated by the following illustrative examples. 



PREPARATION OF LANTHANiOE CHELATE LABELED NUCLEOTIDE CONJUGATES 



Sodium pAS was dried overnight at 110* C and solutions of the sodium pAS and DTPAA were prepared 
in dry DMSO at 0.1 M; equimolar triethylamirte was added to the OTPAA solution to facilitate dissolution. An 

40 equal volume of the pAS solution was added dropwise to the OTPAA solution followed by stirring for about 
80 minutes to produce a conjugate reaction mixture or chelating agent. 

Separately, piasmtd pBR322 was purified by centrifugafJon on a cesium chloride-ethldiurn bromide 
gradient and the plasmid then cleaved with Hinfl restriction enzyme to produce a pissmid digest according 
to procedures known in the art and as described by T. Mamatss et a!., Molecular Cloning: A Laboratory 

4S Manual, 100-108, Coid Spring Harbor Laboratory, Cold Spring Harbor, NX Hint! digestion of pBR322 
generates 10 fragments with staggered ends ranging from 75 base pairs to 1831 base pairs; the sequence 
of single-stranded bases at each end is ANT, where N denotes any nucleotide. It is assumed thai the 
exocycte amines on the exposed bases provide sites for attack by the monoanhydride adduct forming an 
amide linkage. 

m Seven uL of the conjugate reaction mixture was added to 150 uL of the piasmtd digest {CM 45 uo/uL 
cleaved pBR322) and stirred at room temperature for about 60 min. After storage overnight at 4* C, 8.8 uL 
of 0.05 M terbium chloride was added, the mixture was shaken and Set stand for about 30 min. Excess, 
hydroiyzed chelate was separated from the piasmid digest chelate conjugate by two passes through a 18x1 
cm column packed with Sepnadsx Q 25-150. The elutiors buffer was 10 mM 3-fN-morphoiino]propane 

5S sulfonic acid (MOPS) pH 7.0. After each purification, the DNA-containfng fractions were pooled and 
evaporated to dryness under vacuum to produce the terbium labeled nucieotide conjugate. 
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CHARACTERIZATION OF TERBIUM LABELED DMA CONJUGATE 



DNA concentration of the labeled DNA conjugate was determined by measurement: of absorbancies at 
s 280 nm. Label concentration was determined by comparing the fluorescence of the purified labeled 
nucleotide conjugate with the fluorescence of free chelate, i.e. diethyienstriaminepentaacetic acid dian- 
hydride p-aminosalieyiate adduct (DTPAA-pAS} completed with terbium. The assumption inherent in this 
method is that the quantum yield of the conjugated iabei is equal to the free chelate. Correction for pAS 
absorption at 280 nm when measuring DNA concentration was not necessary due to the low pAS'base ratio. 
io Spectra! measurements were performed with a PerkfcHSmer lambda Array UV-VIS spectrometer and a 
Perkln-Elrner LS-5 speehofiuohmeter, the latter employs a pulsed source and gated detection electronics, 
permitting selective observation of delayed emission. Samples were excited at 280 nm and detected at 545 
nm using 10 nm slits; the delay between excitation and detection was O.f ms while the gate was 8 ms. 
The extent of chelate incorporation into the purified ONA conjugate was calculated to be 6.3 pmol per 
IS ug of DMA. 

The quantum yield of the free chelate was estimated using the relation 



where Q 5 and Q<, 9 are the quantum yields of the free chelate and quinine sulfate, respectively; F<, and F qs 
are the areas under the corrected emission spectra; and Ag and A qs are the absorbances at the respective 
excitation waveiengths. Q as was taken as 0.5S at 347 nm excitation. Quinine sulfate fluorescence was 
measured without a time delay between excitation and detection white Free chelate fluorescence was 
measured with the delay and gate settings listed above. Although measurement of standard and sample 
emission under different instrumental conditions affects the accuracy of the estimated Q 0 , this prevented 
calculating an attifically low value due to the deiayeC fluorescence of the label. 

Lifetimes were determined by measuring the emission intensity as a function of the time delay between 
excitation and detection, holding the gate constant. The data were fit to the best single exponential of the 
form 
! ■ 

The emission spectra of the purified terbium labeled nucleotide conjugate is characteristic of the 
terbium ion, with the maximum intensity occurring at 545 nm. The excitation spectrum closely matches the 
absorption spectrum of pAS consistent with the understanding that the terbium emission is not excited 
directiy but is due to energy transfer from the saficyiate group. As the concentrations employed, terbium 
fluorescence could not be detected in the absence of the OTPAA-pAS adduct Detection was also not 
possible in the presence of pAS and hydroiyzed DTPAA (no adduct formation). 

The quantum yield of the free chelate was estimated to be 0.09 at room temperature, which is 
appreciable for such a long-lived fluorophore; the molar absorptivity is 17900 M-'cm**' at 280 nm. it is 
assumed that the spectra! properties of the free chelate are similar to that of the chelate coupled to DNA 
since the excitation and emission spectra are substantially identical. Time-resolved emission measurements 
of the free chelate and the DMA-cheiate conjugate yielded fluorescence lifetimes of 1.7 and 1.3 ms, 
respectively. Thus, when gated electronics are employed to discriminate against short-lived scattering and 
background fluorescence, detection of the chelate will be possible at very low levels. An emission scan 
(SDnm/min) of a 1 nM solution of the free chelate using the standard conditions listed above gave a signal- ^ 
to-noise ratio of 64 at 545 nm. 



GEL ELECTROPHORESIS AND TERSiUM LABELED NUCLEOTIDE CONJUGATE DETECTION 



The terbium labeled nucleotide conjugates (labeled restriction fragments) prepared according to the 
foregoing described preparation were eteetrophoresed on a 1.5 mm x IS cm, S% pciyacryiamide gel In pH 
8.0 Ths-bcrate buffer {0.088 M. without EDTA), The poiyacrylamide gel was of the following formulation: 
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40 ml 


Deioraaed Water 


4.81 g 


Aerylamide 


0.17 g 


Bis-acfylarrside 


42 g 


Urea 


10 m! 


1QX Sequencing Buffer * 


0.86 ml 


10% Ammonium Persuifate 


0.060 m! 


TEMED 


Desonised Water to 100 mis 


* 10X Sequ 


eneirtg Buffer 500 mM Trie Bas 



The systems was run at a V/crrt until the bromcpheno! blue tracking dye was approximately 2 cm from 
the bottom of the gef. The gel was then removed from the apparatus and transiiiuminated (Foiodyrte, Mode! 
is 3-3000) to locate ihe labeled DNA fragments. The portions of gel containing the DTPAA-pAS-Tb-tebeled 
DMA plasmirf digest, identified by the characteristic green emission, were cut out crftha gei and placed 
individually in centrifuge tubes with 1 mL of deiortteed water. After storage at 4*C for 8 days, the 
supernatanis were separated from m gei fragments, diluted up to a final volume of 1.5 mL, and assayed 
for chelate emission. 

aa The time-resolved fluorescence intensity of the gel extracts was measured on a Parkin-Elmer Model LS- 
5 speetrafSuorimerer under the following conditions: slit widths, 10 nm; excitation wavelength* 280 raw 
emission wavelength, 545 nm; time delay from excitation to observation, 0.1 ms: duration of observation 
gate, 8 ms. All extracts were diluted to a final volume of 1,5 mL before measurement. The absolute intensity 
values recorded for the eight fractions of the gel (faceted restriction fragments were extracted from eight 

as pieces of the gel) are listed in the following table. Tne order of the fractions is from least mobile (top of the 
gel) to most mobile (bottom of the gel). 



TABLE I 



30 



40 



Gei 

Fraction 


Fluorescence intensity 
(absolute intensity value) 


pmo! of 
tabei 


1 


47.7 


18.9 


2 


51.5 


18.6 


3 


43.8 


8.2 


4 


41.4 


5.2 


5 


45.3 


9.8 


6 


4.7 


9,1 


7 


42.0 


5.9 


8 


37.9 


1.1 



The measured fluorescence intensity values were converted to the amounts of the fluorescent label, 
DTPAA-pAS-Tb, attached to pBR322 restriction fragments in each gei fraction through a calibration curve. 
The calibration curves was constructed by measuring the fluorescence intensity from serial dilutions of the 
hydroiyzed adduct cempiexed with terbium (free chelate) under the same instrumental conditions as the 
labeled restriction fragments, The resuits of those measurements are shown in the following Table Si. 
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TABLE II 



5 



Free Chelate 


Fluorescence 


{nmof/titer} 


intensity 


0 


37.0 


8.33 


43.8 


16.87 


51,3 


25.00 


58.5 


33.33 


65-2 



These data war© plotted and fit by a least squares algorithm to a line described by the equation; 
fluorescence intensity - 36.84 + 0.8532 X conoentration (in nmoirliter). The equation allows the conversion 
of the intensity values in Table f to concentrations. For example, gel fraction 1 contains 47,7 - 38.34/0,8532 
« 12.6 nmol/iiter of the label attached to pSR322 fragments. The volume of each gel extract was 0.0015 
liter. Therefore, the amount of label attached to pBR322 fragments in fraction 1 is 12.8 nmol/liter X 0,001 5 
liter = 0.0139 nmol or 18.8 pmoi. The amount for each gel fraction is set forth in the third column of Table ! 
above. 

The mass of labeled restriction fragments applied to the gel was 20.7 ug. Characterization of the 
labeled restriction fragments prior to electrophoresis showed that this mass of DNA carried 130 pmoi of 
fluorescence label. Summing column 3 in Table f reveass that 74.8 pmoi of label were recovered from the 
gel by the extraction procedure. Therefore, the percentage of label (and ONA) recovered from the gel is fOO 
X 74.8 pmoi/130 pmo! * 58%. 



STABILITY OF LABELED DNA FRAGMENTS SUBJECTED TO POLYACRYLAMIPE GEL ELECTROPHORESIS 



The Tb-labeled doubie stranded ONA fragments were subjected to pclyaerylamide gei electrophoresis 
to determine if the integrity of the conjugated complex could be maintained at elevated temperature in an 
electric field. Transillumination of the gel at room temperature after pclyaerylamide gei electrophoresis 
permitted visualization of the characteristic green emission of the conjugated DNA. The DNA bands were 
extracted from the gei in the same manner as previously described and the chelate content was quantified 
by lime-resoived fiuorimetry. The total fluorescence recovered from the gel corresponded to 75 pmoi of 
chelate (12 ug of ONA), representing 58% of the amount applied to the gei. 

The effect of temperature on the quantum efficiency of the free QTPAA-pAS chelate was examined in a 
separate experiment. DTPAA-pAS-Tb was added to an 8% polyacrylamide gei before polymerization; 
crossiinklng was allowed to take place in a standard 1 cm quartz cuvet. Fluorescence spectra acquired with 
the cuvet thermosfated at 25' C and 80* C showed that 20% of the fluorescence intensity of the free 
chelate was retained with the temperature increase and said fluorescence remained detectable. 



Claims 

1. In a method of time-resolved fSuorimeiric detection of fluorescent labeled nucleotide monomers, 
oligomers or polymers separated in a gel electrophoresis system the improvement comprising employing 
as a fluorescent labeled nucleotide a Santhanide chelate labeled covaient nucleotide conjugate. 

3. A method according to Claim i wherein the nucleotide conjugate has the formula: 
Nuc-N'-Y-Z 

wherein Nye is a nucleotide monomer, oligomer or polymer, W is an amine nitrogen either intrinsic to the 
nucleotide or ©xirinsinc and introduced as a label prior to conjugation, Y is a chelating group capable of 
chelating a lanthanide and Z is an energy transfer moiety, and the Isnthanlde chelated to said nucleotide 
conjugate is selected from the group consisting of terbium, samarium, europium, dysprosium or 
neodymsum. 

3, A method according to Claim 2 wherein the nucleotide conjugate has the formula: 
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Huc-N* 




OH 



and the ianthanide chelated thereto is terbium, 
70 4. A method according to Claim 1 wherein the gel electrophoresis system is a poiyacryiamide gei 
system. 

5. A method according to Ciaim 2 wherein the gei electrophoresis system is a polyacrylamid* gei 
system, 

8. A method according to Claim 3 wherein the gei electrophoresis system is a poiyacryiamide gei 
20 system. 

7, A method according to Claim 1 wherein the detecting of labeled nucleotides is for DMA or RNA 
sequencing. 

8. A method according to Ciaim 2 wherein the detecting of labeled nucleotides is for DMA or RNA 
sequencing. 

£S 0. A method according to Ciaim 3 wherein the detecting of labeled nucleotides is for DNA or RNA 
sequencing. 

10. A method according to Claim i wherein the detecting of labeled nucleotides is by on-lln© detection 
in the gei electrophoresis system. 

11. A method according to Ciaim 2 wherein the detecting of labeled nucleotides is by on-line detection 
30 in the gel electrophoresis system. 

12. A method according to Claim 3 wherein the detecting of labeled nucleotides is by online detection 
in the gel electrophoresis system. 

13. in a method of separating fluorescent labeled nucleotide monomers, oligomers or polymers in a gei 
eiectrophoresis system the improvement comprising employing as the fluorescent labeled nucleotide a 

35 lanthanide chelate labeied covalent nucleotide conjugate. 

14. A method according to Ciaim 13 wherein the nucleotide conjugate has the formula: 



wherein Nuc is a nucleotide monomer, oligomer or polymer, N" is an amine nitrogen either intrinsic io the 
nucleotide or extrtnsinc and introduced as a iabe! prior to conjugation, Y is a chelating group capable of 
chelating a ianthanide and 2 is an energy transfer moiety, and the lanthanide chelated to said nucleotide 
conjugate is selected from the group consisting of terbium, samarium, europium, dysprosium or 
necdyrnium. 

15. A method according to Ciaim 14 wherein the nucleotide conjugate has the formula: 



Nuc-N'-Y-Z 



45 



HO 



so 




25 



Oft 



and the lanthanide chelated thereto is terbium, 
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18. A method according to Claim 13 wherein ttte gel eieetrophoresis system Is a polyacrylarnide §ei 
system. 

17. A method according to Claim 14 wherein the gei electrophoresis system is a poiyacryiamsde gel 



s 18, A method according to Ciaim IS wherein the gef electrophoresis system is a poiyacryiamide ge! 
tern. 

19. A method according to Claim 13 wherein the nucleotides are separated for DNA or RNA 
sequencing. 

20. A method according to Claim 14 wherein the nucleotides are separated for DNA or RNA 
jo sequencing. 

21. A method according to Claim 15 wherein the nucleotides are separated for DNA or RNA 
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